Abstract Multimodal anesthetic and pain regimens with minimally invasive surgical approaches and rapid rehabilitation protocols are thought to decrease length of stay after hip replacement. We asked whether a program including these three elements could achieve 23-hour discharge in a group of 665 patients and whether the length of hospital stay was influenced by patient age, gender, body mass index, change in hemoglobin or estimated blood loss, duration of surgery (B 90 or [ 90 minutes
Introduction
Postoperative care after THA has evolved during the past 40 years. Initially, patients recovered in the hospital, and inpatient stays lasted 2.5 to 3 weeks [7] . Weightbearing was limited and early mobility discouraged. Gradually, postoperative protocols have changed. Weightbearing has been allowed even with uncemented implants, and rehabilitation protocols have allowed for faster mobilization. In the 1990s, this protocol allowed for the early transfer of patients to acute rehabilitation centers [19] . Although this procedure decreased hospital costs, it led to a transfer of costs to the rehabilitation center [12] .
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cost transference, the Centers for Medicare and Medicaid Services instituted the 75% rule in 2004, which promoted the restriction of services to patients who are more than 85 years old, who have a body mass index (BMI) of greater than 50, or who are having bilateral procedures [6, 10] . Subsequent efforts to decrease costs have included discharge home after 2 to 3 days with the use of expensive home nursing visits and home or outpatient physical therapy [13, 28] . The minimally invasive surgery (MIS) movement has led to additional decreases in length of hospital stay to variable degrees, including discharge on the same day as surgery [4, 9] . Outpatient arthroplasty has been achieved with the use of more aggressive rehabilitation, improved pain control, and different expectations [1, 2] . Although a 23-hour discharge has been achieved for selected patients, the factors involved in early discharge are relatively unknown. Some investigators have even suggested such an early discharge is dangerous [25] .
The goals of this study were (1) to evaluate the efficacy of a specific anesthesia protocol and a multimodal approach to postoperative pain management regimen, an MIS technique, and a rapid rehabilitation protocol in achieving early discharge to home with minimal home or outpatient support services; (2) to evaluate the necessity of home or outpatient support services; (3) to evaluate the early (first 90 days) complications of the approach; and (4) to identify patient factors associated with length of stay.
Materials and Methods
Between June 2002 and December 2005 we retrospectively reviewed prospectively collected data for all 676 patients scheduled to have unilateral THA by the senior author (DCM). For this study we excluded 11 patients for the following reasons: full-exposure hip arthroplasty (n = 9) because of Crowe IV developmental dysplasia (n = 2), morbid obesity with a BMI of greater than 60 (n = 3), fibrous dysplasia (n = 2), marked proximal femoral deformity (n = 1) and extensive retained hardware (n = 1), inability to receive blood transfusion for severe postoperative anemia because of religious affiliation (n = 1), and severe coronary artery disease resulting in a coronary artery bypass graft surgery during the same hospitalization (n = 1). The final cohort of 665 patients (329 females and 336 males) had an average age of 62 ± 13.05 years and an average BMI of 29.5 ± 6.02 kg/m 2 . The most common diagnosis was osteoarthritis (594 patients), followed by osteonecrosis (37 patients), posttraumatic arthritis (19 patients), dysplasia (13 patients), and inflammatory arthritis (two patients). Eleven patients had an associated hardware removal (two acetabular and nine femoral implants). Our study was approved by the study institution's Institutional Review Board.
Preoperatively, patients were educated with a booklet prepared by the senior author (DCM), the anesthesiology team, and the physical and occupational therapists, which describes expectations and early hospital discharge. Patients also attended a preoperative class that highlighted the discharge goals and illustrated techniques of postoperative mobilization.
During the study period, we used individualized anesthetic protocols [8] , a multimodal approach to postoperative pain management [8] , an MIS technique, and a rapid rehabilitation protocol. The type of anesthesia used varied: 519 (78.0%) patients had spinal anesthesia, 142 (21.4%) patients had general anesthesia, and four (0.6%) patients had epidural anesthesia. Patients were followed by the Acute Interventional Perioperative Pain Service, a team of anesthesiologists, pain nurses, and fellows who follow the patients for all postoperative pain management issues. The multimodal postoperative pain management regimen consisted of peripheral nerve blocks (629 patients) via a continuous lumbar plexus block (preoperative injection of 7 ml of 0.2% ropivicaine followed by an infusion rate of 7 ml/hr with additional boluses as needed) and a singledose sciatic nerve block (5 to 8 ml of 0.2% or 0.5% ropivicaine) administered before patient transfer to the operating room, preoperative and postoperative COX- Pregabalin was also added to this multimodal regimen in the fall of 2005. Of the 629 subjects who received a block, 259 (41%) were discharged home with the lumbar plexus block still in place. The Acute Interventional Perioperative Pain Service makes the determination with regard to which patients will go home with a catheter still in place, using a straightforward screening process. Patients were not eligible to be discharged with the block in place if they were more than 70 years old. If the patient and family were agreeable, and showed cognitive adequacy, they were instructed by Acute Interventional Perioperative Pain Service on how to operate an outpatient pump and how to remove the catheters when the pump is empty, and they were given guidelines with a 24-hour contact number for any questions. The rate of infusion was decreased to 5 ml/ hr plus the option of an additional bolus of 5 ml once per hour. At this rate, weakness is not typically associated with the block.
To minimize postoperative orthostatic hypotension, we administered a high volume of replacement fluid. Although the fluid volume was based on patient weight and estimated surgical blood loss, a typical intravenous fluid replacement consisted of 2500 to 3000 mL of crystalloid and 500 to 1000 mL of colloid solutions. An additional source of intravenous fluid replenishment was achieved by the intraoperative use of a cell saver (390 patients), which allowed the return of approximately 40% (range, 50-1000 mL/patient) of the salvaged blood to the systemic circulation. Of those 390 patients, 219 received no other blood products in the postoperative period. The mean estimated blood loss intraoperatively was 482.3 ± 375.1 mL for all patients.
To permit independent hyperextension of the lower extremities during the two-incision approach, we used a Jupiter Operating Postoperatively, a patient received a transfusion if the 12-hour hemoglobin/hematocrit was below 10 g/dL and symptoms of anemia were present. During hospitalization, 291 patients (43.8%) received a blood transfusion. The mean change in hemoglobin for all patients was 3.04 ± 1.50 g/dL.
Routine deep vein thrombosis and/or pulmonary embolism prophylaxis consisted of postoperative aspirin (325 mg) twice daily for 2 weeks and then daily for 2 additional weeks after surgery. During hospitalization, patients used pneumatic compression devices and kneehigh elastic stockings. After discharge, each patient used the elastic stockings for 1 month. No routine postoperative screening modality was used for deep vein thrombosis.
To facilitate discharge and return to functional activities, a rapid rehabilitation protocol was used for every patient. Shortly after transfer from the recovery area to a hospital ward, each patient was mobilized by physical and occupational therapists with the initial use of a walker and encouragement to transfer to a cane before discharge. Patients older than 75 years were transitioned cautiously from the walker to a cane because of the potential for a fall. While in the hospital, each patient received three or four therapy sessions daily, was permitted weightbearing as tolerated, had unlimited motion of the operative hip, and practiced stair climbing when it was required in the home environment. Each patient also received a brochure outlining a corresponding home exercise program, including various strengthening exercises for the hip and lower extremity. The therapists reviewed the instructions with each patient to ensure the instructions were understood. This postdischarge format was consistent with the hospital reimbursement policies from the local major third-party payers, who deny full reimbursement to the hospital if a patient is discharged to his or her home with home services or outpatient therapy for the initial postoperative period. Discharge to the home environment required the individual to display independent gait, independent transfers, a capability for activities of daily living, and independent stair climbing (if the home environment had stairs). Satisfactory postoperative pain control was achieved with oral medications and, for the patients who had received nerve blocks, with the continuous infusion of local anesthetic via the lumbar plexus catheter.
We anticipated seven patient characteristics would influence the length of hospital stay: age, gender, weight, duration of surgery in minutes (B 90 or [ 90), change in hemoglobin, estimated blood loss, and American Society of Anesthesiologists (ASA) physical status classification. We used a multiple regression analysis with ordinary leastsquare regression with the software R (Free Software Foundation, Inc, Boston, MA) to determine factors associated with the length of hospital stay.
Results
With specialized treatment and rapid rehabilitation protocols, 295 (44.4%) of the 665 patients who had MIS THA procedures were discharged within 24 hours, 297 were discharged between 48 and 72 hours, and 73 were discharged between 4 and 10 days after surgery (Table 1) . Reasons for discharge between days 4 to 10 included need for blood transfusion (50 patients), slow progress with physical therapy (39 patients), severe chronic systemic disease (32 patients), psychiatric issues (22 patients), Early complications (ie, those that occurred up to 90 days after surgery) included femoral fracture, femoral head disarticulation, dislocation, subsidence, and nerve palsy. Eight patients sustained periprosthetic fractures requiring surgery. Four small intraoperative greater trochanteric fractures were treated nonoperatively. Eighteen patients had postoperative dislocations: 14 were treated with closed reduction, two with open reduction, and two with revision. Thirteen patients required revision surgery for loosening. In one patient, the femoral head component became disarticulated from the stem at the Morse taper on postoperative Day 1, requiring revision surgery. Two patients developed deep infection. Two patients developed hematoma requiring surgery. One patient required surgery for a superficial wound breakdown. There were 146 lateral femoral cutaneous nerve palsies that largely or fully resolved, and four partial femoral nerve palsies that fully resolved. There were no sciatic nerve palsies. Two partial brachial plexus palsies in the ipsilateral upper extremity secondary to intraoperative positioning fully resolved spontaneously. Two patients had deep vein thrombosis, but there were no cases of pulmonary embolism. One patient sustained a mild cerebrovascular accident 2 weeks after the surgery, but recovered fully. In four patients, a transient postoperative cardiac arrhythmia developed that required temporary monitoring and resolved uneventfully.
We identified four factors related to a longer hospital stay: (1) female gender (p \ 0.001); (2) increasing age (p \ 0.001); (3) higher ASA class (3, p \ 0.01, or 4, p \ 0.001); and (4) increasing blood loss (p \ 0.001). A surgery time of 90 minutes or less was not associated (p = 0.38) with an increased length of stay. There was no correlation between length of stay and BMI (p = 0.94) or change in hemoglobin (p = 0.09).
Discussion
Length of hospital stay after hip replacement surgery has decreased as surgical, anesthetic, and rehabilitation techniques have advanced. Our goals were to determine: (1) the efficacy of a multimodal anesthetic and pain regime with a minimally invasive surgical approach and a rapid rehabilitation protocol for THA in achieving 23-hour discharge; (2) the rates of home and outpatient therapy; (3) the 90 day complications; and (4) if length of hospital stay was influenced by patient age, gender, BMI, change in hemoglobin or estimated blood loss, duration of surgery (B 90 or [ 90 minutes), or ASA physical status classification.
The limitations of our study were differing anesthetic and/or rehabilitation protocols, the use of the continuous peripheral nerve catheter technique, differing times of surgery, a lack of a comparative group, and possibly an incomplete list of relevant factors. For example, in some cases, patients refused a peripheral nerve block, the attempted nerve block was unsuccessful, or preoperative anticoagulants precluded the use of the nerve block or a spinal anesthetic. Complications have been described with the continuous lumbar nerve block including the possibility of a fall, leakage or failure of the catheter to work [20] . Others have reported the continuous catheter alone to help with mobilization and pain control after surgery [16] . The timing of surgery affected the administration of same-day rehabilitation, especially for a patient who had the procedure in the late afternoon period; surgery early in the day often meant more same-day rehabilitation sessions. In addition, patients who had their surgical procedure on Friday received less therapy during the weekend than did patients who had surgery earlier in the week. We also did not have a comparison group of patients who had a formal home or outpatient therapy program. Finally, it is also possible there are factors that we did not prospectively record that could affect the length of hospital stay. In particular, we think the use of medicinal or recreational opioids and cognitive dysfunction merit additional evaluation.
Our data suggest in an unselected population, including the elderly and obese, it is possible to achieve a 23-hour hospital stay for 44.4% of patients. Previous studies examining rapid rehabilitation protocols after THA have used highly selected groups of patients to achieve short lengths of stay [1, 2] . With respect to support services after the discharge from the hospital, 489 patients (73.5%) were discharged to their homes with no support services, 95 patients (14.3%) were discharged to their homes with home health service, 31 patients (4.7%) were transferred to a skilled nursing facility, and 46 patients (6.9%) were transferred to a rehabilitation facility. These results compare favorably to other reports of minimally invasive approaches to THA (Table 2 ) [30, 31] .
We experienced complications comparable to those in the literature (Table 3) [3, 14, 31, 32] . Thirteen patients had revision procedures within 90 days, 18 (2.7%) had dislocations despite the fact that hip precautions were not used, and eight had femoral fractures (1.2%) requiring surgery. Although it has been suggested many clinically important medical complications occur after postoperative Day 2, our patients did not seem to experience major complications during the first 90 days after surgery.
The main factors contributing to a longer hospital stay included female gender, an ASA class of 3 or 4, increasing age, and higher estimated blood loss. A patient's BMI, change in hemoglobin, and duration of surgery did not predict longer stays. The factors involved with length of stay after hip arthroplasty with an aggressive approach to surgery have not been previously determined. Others have examined factors involved with need for an acute rehabilitation stay. Our findings agree with those of Bozic et al. [5] , who found female gender, ASA Class 3 and 4, and increasing age are associated with an increased need for acute rehabilitation. Other investigators have used a tool termed the Risk Assessment and Predictor Tool to determine the need for acute rehabilitation [22, 23] . This score includes gender, age, and some other factors that we did not investigate, ie, preoperative walking distance and gait aid, community supports, presence of a caregiver on return home, and patient expectations. Although these studies did not investigate criteria for an early home discharge, the factors seem related, and additional investigation using the Risk Assessment and Predictor Tool may be useful.
Clearly, many factors can affect length of hospital stay, including patient selection, type of anesthesia and pain control, presence of a synchronized therapeutic program, support of the entire team, surgical technique, and reimbursement issues for hospitals. Although there is some evidence that incision length can alter early outcomes [10] , the role of the surgical approach is controversial [21, 24] . Rehabilitation protocols, patient motivation, and patient expectations seem to play a large role in early discharge and fast recovery after hip arthroplasty [26] .
Currently, in the United States, postdischarge services after joint arthroplasty, including rehabilitation stays and home physical therapy, cost $3.2 billion annually [13] . Previous studies have questioned the efficacy of physical therapy programs after joint arthroplasty [15, 18, 27] and have shown limiting rehabilitation can decrease costs [28, 29] . Additional work is required to estimate the decrease in cost associated with limiting postdischarge rehabilitation center transfers and physical therapy.
Our data and that of others show multimodal anesthetic and pain regimes with rapid rehabilitation protocols can result in discharge within 24 hours after THA [1, 2] , which occurred in 44.4% of our patients. Although other reports have discussed the use of in home or outpatient physical therapy [15, 27, 28] , 73.5% of our patients required no home or outpatient nursing care or physical therapy. The main factors that corresponded to a longer length of stay were female gender, increasing age, increasing estimated blood loss, and ASA Class 3 and 4. Additional study is needed to validate these factors with other procedures and at other centers. Such validation would allow for prediction rules for developing an outpatient approach to joint arthroplasty, including discharge home and an informal postdischarge therapy protocol. 
